Abstract -The cuticular compounds from the wings of workers, males and queens of the stingless bee Melipona scutellaris Latreille 1811 were analysed by combined gas chromatography-mass spectrometry. This has shown that males, queens and workers have different patterns, but that the pattern of workers is much closer to that of males than it is to queens, supporting other evidence from morphology and behavior that Meliponinae workers are more similar to males than to queens.
INTRODUCTION
Workers and queens of Apis mellifera L. are so similar that beginner beekeepers have difficulty in distinguishing one from the other, but males are very different from both of them. On the contrary, males and workers of meliponine bees are very similar, and difficult to differentiate. This was noted for the first time by the German emigré Fritz Müller in a letter of 12 September 1875, to Charles Darwin (quoted by Zillig, 1997 Meliponine workers resemble males more than queens in their external morphology (Salt, 1929; Kerr, 1974 Kerr, , 1987 Kerr and Cunha, 1990) . Melipona queens are brown and dull in nearly all species. However males and workers are handsomely coloured, and some species have yellow bands on their abdomens (Kerr, 1974 (Kerr, , 1987 . These similarities and differences between castes in stingless bees have been studied through comparisons of morphology and behaviour (Darchen, 1969; Winston and Michener, 1977) . Kerr (1975) proposed the hypothesis that similarity between workers and males in meliponines is under genetic control, which means that in both castes, genes responsible for similar morphology and behaviour are regulated and expressed in similar ways. Juvenile hormone was found to have an important role in caste phenotype expression in the larval stages of meliponine bees (Campos, 1975; Kerr et al., 1975; Bonetti and Kerr, 1985; Bonetti et al., 1994) .
Using a program of numerical taxonomy with 45 morphological characters of the castes of Melipona quadrifasciata Lepeletier, the phenogram obtained showed that workers are more similar to males than to queens (Kerr et al., 1978) . Estimation of the generalized Mahalanobis distances between queens, males and workers of six species, showed that in all investigated meliponines, workers are more closely related to males than to queens (Tab. I). Campos (1979) generalized these findings to all meliponines. For Apis mellifera the study revealed the opposite, with workers being more similar to queens than to males (Campos, 1979) .
There are also behavioural similarities between males and workers in stingless bees. Within the nest, males secrete wax, like their worker counterparts (Drory, 1874 (Drory, , 1877 (Drory, , 1883 . CruzLandim (1963) performed histological studies on the male wax glands and found a striking resemblance between male and worker wax gland morphology. Males are also able to work with the produced wax inside the hive, they collect wax, put it in wax deposits and are even capable of using it for the construction of wax pillars (Kerr, 1997) .
In contrast to males and workers, the evolution of meliponine queens has been in the direction of more efficient reproductive aspects. In the majority of meliponine species studied so far, the queens are singly mated with one male, only five species are known where the queen is multiply mated with two to six males (Toth et al., 2002) . Physogastric queens of Melipona compressipes fasciculata Smith have an average life expectancy of five years (unpublished observation of WEK), whereas most meliponine males and workers live for only for a few weeks.
It is becoming increasingly clear that cuticular hydrocarbons are important recognition substances in social insects as indicated by the results of many experiments (Singer, 1998; Breed, 1998) . These cuticular hydrocarbons are characteristic of a group (species or colony) but may also vary within that specific group with stage of development, caste, sex or patriline (Blomquist et al., 1998; Monnin and Peeters, 1999; Sledge et al., 2001; Boomsma et al., 2003) . The cuticular substances produced are a reflection of the enzymes and their activity, and these reflect the genes activated to produce them. We have examined the cuticular compounds of adult queens, males and workers of a meliponine bee, Melipona scutellaris Latreille to see if the similarities among workers and males, besides morphological and behavioural, can also be demonstrated in the Campos, 1979 chemical composition of the cuticle. We have indeed found such a similarity between worker and male cuticular substances.
MATERIALS AND METHODS
Melipona scutellaris bees came from the meliponary (apiary for Melipona colonies) of the Federal University of Uberlandia. This meliponary has 70 hives that came from Diamantina forest (Bahia State, 13° S, 40° W). In order to avoid problems of immature individuals, care was taken to select mature, foraging workers, and males and queens had been present in the nest for some days before collection. The wings of bees contain the same pattern of cuticular substances as is found on the rest of the body, and the wings are less subject to contamination from surfaces with which the bees come into contact (Oldham et al., 1994) . They can be removed with the minimum of handling and by our method of analysis (Morgan, 1990) , the wings of a single individual give a sufficiently strong chromatogram and mass spectra for all the major substances to be identified.
Pairs of wings of 10 adult males, 10 workers and 5 queens of Melipona scutellaris were carefully removed with forceps and placed inside soft glass capillaries, the wings of one individual in each capillary, sealed at one end. The other end was then sealed in a small flame and sent from the meliponaries (Federal University of Uberlândia) to Keele for chemical analyses. Males were collected when flying and sitting in front of hives, at 1000 h; workers and virgin queens were collected inside 5 hives, one of each caste from the same hive.
The wings of individual bees were analysed for their cuticular compounds by combined gas chromatography-mass spectrometry, using the Keele solidsampling method (Morgan and Wadhams, 1972; Morgan, 1990) . Chromatography was carried out on a Hewlett-Packard 5890 gas chromatograph directly coupled to a 5970B Mass Selective Detector (quadrupole mass spectrometer using 70 eV electron impact ionisation). The system was controlled and data accumulated on a Hewlett-Packard series 300 computer with HP 5970C Chemstation. Mass spectra were scanned from m/z 35 to m/z 550. Scan time was about 2.4 s. Chromatography was performed on a immobilised polydimethylsiloxane phase in a fused silica column (12 m × 0.2 mm, 0.33 µm film thickness) (SGE, Milton Keynes, UK). Helium was used as carrier gas at 1 mL/min. The sample in the glass capillary was heated in the injection port (temp 200°C) for 2 min before crushing and starting the chromatography. The oven was programmed from 30°C (3 min) at 8°C/min to 250°C. The split valve was closed before crushing the sample and reopened 30 s later. The identification of compounds was confirmed by comparison of their mass spectra and retention times with those of standards and using MS-databases.
The statistical analysis was performed using SPSS (11.0.0). For the statistical analysis the peaks of each chromatogram were taken as 100% and the percentage of each peak calculated to standardize the data set. A normal Principal Component Analysis and a Discriminant Analysis were used to show that all queen samples can be separated from all worker samples. The low Wilks' Lambda value of 0.044 indicates a good separation of the two groups by describing 95.66% of the variance. The leave-oneout method was used to prove the separation. A second Discriminant Analysis was done with all male samples as ungrouped cases. The statistical analysis should show whether the ungrouped cases (= male samples) were distributed either to the queen or worker samples, or to both of them, and therefore should show their relatedness towards the two groups.
RESULTS
Typical chromatograms of epicuticular wax from wings of workers, males and queens of M. scutellaris are shown in Figure 1 . In all the cases examined, the cuticle contained a simple mixture of alkanes and alkenes from C 19 to C 29 , with very small amounts of ethyl esters in males and queens, and some long-chain alkyl acetates in the queens. In workers the most abundant substances are heptacosane and heptacosene (equal quantities), followed by pentacosane (Tab. II). In males they are, in decreasing order, heptacosane, heptacosene, and pentacosane. In queens, the major substance by far is tricosane, with less than half that quantity of pentacosane.
The statistical analysis showed that all ten ungrouped data sets (= males) were grouped into the "worker" group (see Fig. 2 ). The results show that the cuticular wax patterns of males and workers are closely related to each other and are distinct from the pattern of the queens.
DISCUSSION
The pattern of cuticular substances was distinctive for each category of individuals, but the pattern for Melipona workers was found to be much closer to that of males and quite different from that of queens. The presence of stearyl and arachidyl acetates only in queens may be worthy of further examination.
The chemical analyses of the cuticle of all three categories of the stingless bee Melipona scutellaris provided another and surprising demonstration that workers are more similar to the males than to the queens in meliponine bees. Tricosane was the major component in the queens of M. scutellaris, while heptacosene and heptacosane were the major components in workers and males, making them distinct from queens.
In Apis mellifera Francis et al. (1989) found that the predominant substances of newly Figure 1 . Cuticular profiles by gas chromatography of queens, workers and males of Melipona scutellaris. The vertical axis is detector response, which is converted to amount of compound. Each peak represents a single compound and the area under the peak is proportional to the amount of that substance. The numbers on the peaks correspond to the numbers of the compounds in Table II . Figure 2 . Plot of the values of the discriminant scores (Discriminant Analysis) for workers (= hollow circles) and queens (= hollow squares). Large ellipsoids show the two groups. Males (= filled triangles) were treated as ungrouped cases. All 10 ungrouped data points (male samples) were assigned to the "worker group" and not to the "queen group". (To give a clearer picture the group value for the workers was lowered to 0.95, whilst the original data give it as 1.0 as for the males). emerged queens and workers were tricosane and heptacosane, while that of newly emerged drones were nonacosane and methylnonacosane.
There are two modes of caste determination in eusocial bees (Kerr, 1950; 1975; Rachinsky et al., 1990; Hartfelder and Rembold, 1991; Kerr, 1997) . In Apinae the development of the queen and workers depends on the quantity of food delivered. Different food intake affects activities of the corpora allata and the prothoracic glands, which provide different amounts of preimaginal juvenile hormone and ecdysteroids in workers and queens. But the different amounts of preimaginal juvenile hormone seemingly have no obvious influence on morphology and cuticular wax biosynthesis in the Apinae, suggesting other regulatory compounds or mechanisms in Apinae in contrast to meliponinine bees (Kerr, 1975; Evans and Wheeler, 1999) . Consequently Apis workers are more similar to queens and different from males. This polyphenism not only includes morphological, but also physiological and behavioral differences (Weaver, 1966; Nijhout, 1994; Hartfelder and Engels, 1998) .
In the Meliponinae a double heterozygous condition on two loci determines queen development and therefore caste determination (Kerr, 1950 (Kerr, , 1987 Velthuis and Sommeijer, 1991) . Yet, also, in meliponines, the endocrine system affects caste development, indicating that juvenile hormone became, through many evolutionary steps, gradually more important in expressing femaleness genes in queens, making queens become more different from workers. In line with this argument, workers would also become phenotypically more similar to males (Bonetti and Kerr, 1985; Bonetti et al., 1994; Kerr, 1997) .
The present results show for the first time, that in the meliponine bee M. scutellaris the cuticular wax pattern is similar between males and workers, which adds additional chemical evidence to the morphological and behavioral data that workers are more similar to males than to queens in Meliponinae.
Résumé -Les ouvrières de l'abeille sans aiguillon Melipona scutellaris sont plus proches des mâles que des reines par leurs composés cuticulaires. Chez les abeilles sans aiguillon (Apidae : Meliponinae), les mâles sont relativement semblables aux femelles, non seulement sur le plan morphologique mais aussi sur le plan comportemental (comportement de butinage semblable, production et travail de la cire, soin au couvain, trophallaxie, etc.). La pré-sente étude montre qu'il y a chez Melipona scutellaris Latreille non seulement des ressemblances morphologiques et comportementales, mais que le profil des cires cuticulaires, analysé par chromatographie en phase gazeuse/spectrométrie de masse, est semblable chez les ouvrières et chez les mâles, alors qu'il diffère totalement entre mâles et reines et entre ouvrières et reines. L'heptacosane et l'heptacosène sont les composés majoritaires chez les mâles mais aussi chez les ouvrières, alors qu'ils sont minoritaires chez les reines où le composé majoritaire est le tricosane (Tab. II, Fig. 1 ). En outre différents composés acétates ont pu être identifiés chez les reines mais étaient totalement absents chez les mâles et les ouvrières. L'étude montre pour la première fois qu'à côté des structures morphologiques et des caracté-ristiques comportementales, il existe aussi des différences dans les voies de la biosynthèse des composés des cires cuticulaires, qui sont utilisées comme signaux de reconnaissance par les insectes. Nous suggérons que des mécanismes semblables d'expression et de régulation des gènes pourraient être à la base de la ressemblance observée dans la composition des hydrocarbures cuticulaires des ouvrières et des mâles de M. scutellari, tandis que des voies de biosynthèse différentes semblent être mises en jeu chez les reines. 
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